Background: Men aged 65Á79 are at the highest risk of having an abdominal aortic aneurysm (AAA) as well as a high incidence of rupture; this is treated as a surgical emergency, which has a total mortality of 75Á90%. 1Á5 The diameter of an AAA proves to be the most useful risk factor in predicting mortality rates. 6, 7 Ultrasonography is widely accepted as an effective diagnostic imaging tool for detecting AAA.
INTRODUCTION
n abdominal aortic aneurysm (AAA) occurs when there is a weakness in the arterial wall that leads to a dilatation of the aorta. 1 The most common cause of AAA is due to arteriosclerosis, but it can also be caused by other means, such as trauma and infectious diseases. 1 The majority of AAAs or AAA-related deaths occur in men aged 65Á79 and account for a total mortality of 0.5%. 2Á4 The prevalence of AAA in this age group is 4Á8% for men and 0.5Á1.5% for women. 10Á13 AAA contributes significantly to the total mortality rate in developed countries such as the United States and the United Kingdom, where there are 13,000 deaths and 6,000 deaths per annum, respectively; 14, 15 60% are AAArelated and the remainder are due to thoracic aortic aneurysms. 15, 16 Significant risk factors, such as age, gender, smoking, family history, and atherosclerotic disease, are known to contribute to the development of AAA. 10 AAAs are generally asymptomatic for many years, but the area of weakness present in the aorta is prone to rupture if left untreated and can lead to fatality due to a rapid loss of blood. 9, 17 This major complication culminates in a large proportion of individuals dying before surgery or even before arriving at a hospital, therefore making this a surgical emergency. 5, 18 The mortality rate for such a complication after emergency surgery is 75Á90%; this gives it a poor prognosis when compared to those who undergo elective AAA surgery, which has a post-operative mortality rate of 3.3%. 5, 19, 20 Despite the increase in surgical elective repairs, there are still a number of further complications that could occur, such as operative mortality and renal failure; 21, 22 these could be used to explain the continual rise of the age/sex standardised mortality from ruptured AAAs. 23, 24 AAA rupture depends on the size of the aneurysm and can be anticipated by a preclinical detectable phase, which provides an opportunity for a relatively low-risk surgical treatment when compared to that of the symptomatic phase. 25 This poses the question of whether a screening programme is likely to be beneficial or not.
Screening programmes have to meet a standard set by the World Health Organisation (WHO) and the Council of Europe before their introduction. 23 In the United Kingdom, they are not implemented unless it has been approved by the National Screening Committee, which takes into consideration evidence from randomised control trials (RCTs). 26 Originally, the National Screening Committee believed that there was insufficient evidence on which to recommend a populationbased screening programme, 27 but the Committee has now reconsidered their evaluation based on current evidence. 8 The National Health Service AAA screening programme is being implemented gradually across England, and full coverage is expected by March 2013. 25 This programme is aimed at men over 65 and measures the maximum diameter of the aorta during systole to determine whether an aneurysm is present or not. 1 However, in many other western countries, no population-based screening programmes exist; the only means of screening available to individuals is via referrals from their general practitioner.
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Detecting AAA can be carried out in a number of ways using diagnostic imaging tools such as angiography, computed tomography (CT), magnetic resonance imaging (MRI), and ultrasound. 1 In this review, only ultrasound is considered as a means of screening because it is universally accepted as the most effective screening tool for AAA as well as being widely reported in the current available literature. 8, 28, 29 Ultrasonography is successful in detecting AAAs with an approximate sensitivity and specificity rate of 98% and 99%, respectively. 19, 30, 31 There has been a consistently high rate of attendance at programmes that range from 65% to 80%. Approximately 85Á90% of aneurysms detected by screening are too small to warrant surgery; therefore, they are monitored under surveillance programmes that have a 95% attendance rate. 23, 24 Treatment for asymptomatic patients has been established based on the evidence from two RCTs 6,7 that identified the most useful risk factor in predicting mortality as being the diameter of the AAA, quantifying a threshold of 55 mm or greater for a patient to be eligible for surgery.
The aim of this article is to determine whether a population-based ultrasound screening programme can significantly reduce AAA mortality using the critical appraisal skills programme (CASP) tool. This will be done by covering the following objectives:
(1) Perform a search of relevant literature pertaining to AAA screening via ultrasound. (2) Use specific inclusion and exclusion criteria to refine the search method and acquire the evidence. (3) Draw conclusions by critically reviewing the evidence using CASP tools.
METHOD Search method
A review on the precision of ultrasound was not necessary, as direct evidence was available regarding this. The topic, AAA, was searched via databases and search engines to identify RCTs that determine the significance of AAA population-based screening using ultrasound. These included the Cochrane database, the current controlled trials database, MetaLib provided by Lancaster University, PubMed and ScienceDirect. 32 These were further restricted with medical subject heading (MeSH) terms to narrow the results (Table 1) . 32 Search methods employed were adapted to suit each database (Tables 2Á5). Additional studies were further identified from the reference lists of articles that were relevant in the searches.
Criteria for considering studies
Twenty-three relevant articles were initially retrieved before being subjected to inclusion and exclusion criteria (Table 6 ). This then gave rise to four RCTs that were chosen to be reviewed and critically appraised using CASP tools. 33 
Quality of trials
CASP was developed in 1993 in response to critically appraising research. 34 It has helped form an evidencebased approach in the health care setting as well as providing a process in which research and evidence can be found and interpreted in an efficient and reliable fashion. 34 The CASP tool is a derivative from CASP and consists of a series of questions that acts as a guide to check against particular biases that are linked to specific study designs. Use of CASP tools allows articles to be systematically appraised to assess the methodological quality, reliability, validity and also the extent to which they can be used to draw conclusions. 33 Furthermore, assigning a scoring system to the CASP tool will allow similar studies to be scored in a similar fashion; doing so enables comparisons to be made as well as assessing any heterogeneity present. The studies selected will be subjected to the CASP tool relevant to RCTs.
RESULTS
Four RCTs that evaluated population-based screenings met the criteria from Table 6 and were reviewed Á Chichester, 35 Kashif. I. Ahmad
The characteristics, mortality caused by AAA, overall mortality, incidence of rupture and surgery for AAA of these studies are recorded in Tables 7Á11. The studies were then critically appraised using CASP tools in Table 12 (taken directly from the Public Health Resource Unit).
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Description of the studies The Chichester study 35 35, 36 Participants for the Western Australia study were selected from the electoral roll in Perth, Australia, and Viborg participants were randomly selected from the health department in Viborg, Denmark. 37, 38 In all four studies, randomisation was computer generated.
35Á38 Participants were offered screening or a no-intervention control group for AAA on a 1:1 ratio; participants of the control group were followed with no contact throughout the study. Three of the studies established randomisation in groups to avoid a time lapse between randomisation and screening. 35, 36, 38 The Western Australia screening sessions were carried out over a 32-month period for logistical reasons. 37 This meant that men were not invited to the screening programme until a few months had passed, and as a result, 2,296 died before being screened. 37 Participants for the Chichester and MASS studies were excluded prior to randomisation, if they resided in a nursing home or if their general practitioner declared they were not in a suitable condition for elective AAA repair. 35, 36 Similarly, the Western Australia study excluded individuals residing in a nursing home as well as those who resided too far to access a screening clinic. 37 No exclusions were noted for the Viborg study. Screening sessions were carried out at general practitioners for three of the studies. 35Á37 The Viborg study carried out screening in the county hospitals via a mobile screening team. 38 All four studies used abdominal ultrasound as the screening method, and none were blinded due to their nature. 35Á38 An AAA was defined as having a diameter that was ]30mm. 35Á38 The outcome measures for all four studies were the number of identified surgeries that took place; 35Á38 Chichester also identified the incidence of ruptured aneurysms. 35 Study 1 35 Á Influence of screening on the incidence of ruptured abdominal aortic aneurysm: 5-year results of a randomised controlled study (Chichester)
The acceptance rate was higher for men when compared to women (73.0% and 65.0% respectively). 35 This declined with age; men and women aged 65 had a rate of 80.4% and 72.6%, respectively, and men and women aged 76Á80 had an acceptance rate of 66.1% and 58.2%, respectively. 35 The indication for surgery in this study was that the AAA had an annual growth rate that was ]10mm or if the maximum diameter measured was ]60mm. Ongoing surveillance was recorded; patients with aneurysms of 30Á44 mm were rescanned on an annual basis and aneurysms of 45Á59 mm were scanned quarterly. 35 There was a significant increase in elective surgeries performed, odds ratio (OR) (2.42; 95% confidence interval (CI) ([1.26Á4.62] and the average follow-up was 2.5 years. 35 There was independent classification of deaths that were thought to be AAA related. 35 The mortality rate from AAA was regarded as not significant in the intervention group, OR (0. Study 2 36 Á The multi-centre aneurysm screening study (MASS) into the effect of abdominal aortic aneurysm screening on mortality in men: a randomised controlled trial (MASS)
There was an acceptance rate of 80.0%. 36 Referrals were issued if the aneurysm was ]55mm or growing at a rate ]10mm per year. Surveillance was carried out annually, if the aneurysm was 30Á44 mm and quarterly if it was 44Á54 mm. 36 Thirty-one of the three hundred and twenty-two patients who had surgery did not meet the criteria for elective AAA surgery. 36 There was a Study 3 37 Á Population-based randomised controlled trial on impact of screening on mortality from abdominal aortic aneurysm (Western Australia)
There was an acceptance rate of 70.0%. 37 Surgery indications were left to individual surgeons to decide. A suggested surveillance programme was sent via letter to individuals recommending annual screening, if their aneurysm was 30Á39mm, and twice annually, if it was 40Á49mm. 37 Referrals for surgery with aneurysms that were ]45mm were left up to discretion of the physician. 37 A vascular referral was issued, if the aneurysm was ]50mm. 37 No other means of contact were carried out by the investigators for either group. There was a significant increase in elective surgeries performed, OR (1.88; 95% CI ([1.38Á2.56], and the average follow-up was 3.6 years. 37 There was independent classification of deaths that were thought to be AAA related. 37 The mortality rate from AAA was regarded as not significant in the intervention group, OR (0. Study 4 38 Á Hospital costs and benefits of screening for abdominal aortic aneurysms. Results from a randomised population screening trial (Viborg)
There was an acceptance rate of 76.0%. 38 Referrals were issued, if the aneurysm was ]55mm. 38 Surveillance was carried out annually, if the aneurysm was ]30mm. 38 There was a non-significant increase in elective surgeries performed, OR (1.46; 95% CI( [0.98Á2.18], and the average follow-up was 5.1 years. 38 The mortality rate from AAA was regarded as significant, with a strong reduction in the intervention group, OR( 0.31; 95% CI ([0.13Á0.79]. As this study only identified deaths that occurred within the hospital setting, it cannot be compared to the other studies. There was insufficient data to calculate overall mortality rates. Full results are available in Tables 8Á11.
META-ANALYSIS OF STUDIES
The meta analyses of the results are available in Tables 8Á11. Overall, the combined number of participants totaled at 125,576 men, with an attendance rate ranging from 70% to 80%. The pooled odds ratio and confidence interval (excluding the Viborg study due to reliability of results Á OR (0.60; 95% CI ([0.47Á0.78]) supported the use of ultrasound screening for AAA, as it showed a 
DISCUSSION
The pooled data from the four RCTs have shown evidence that ultrasound screening significantly reduced AAA-related mortalities by 43.1%. The absolute risk in AAA-related mortality reduction (per 100,000) for the Chichester study, MASS, Western Australia and Viborg study is 36.2, 214.2, 140.7 and 206.0, respectively. These values are approximations for population-based screening. Despite the results, there are some inconsistencies present. MASS evaluated mortality solely based on death certificates, whereas the other studies used independent evaluators to assess patients that were suspected of an AAA-related mortality. This may Results showed that there was no significant evidence to support a reduction in all-cause mortality. This is to be expected, as AAA-related mortality only accounts for a small number of deaths in elderly men. Nonetheless, there is heterogeneity present in the results of the Western Australia study, which shows a decrease in allcause mortality (n 0339) in the screening group when compared to the control group. Only a difference of seven deaths was recorded that favoured screening for AAA-related mortalities; these results suggest that the difference in all-cause mortalities may be due to a flaw in the design of the study. Between randomisation and screening, there was a lapse of 32 months, during which 2,296 individuals selected for the study died. The following analysis of the results was carried out from the date screening was commenced and not from date of randomisation, which possibly introduced a further study design error.
Only the Chichester study included women in its study in which the evidence pointed towards a nonsignificant benefit from screening in reducing AAArelated or even all-cause mortality. However, due to an insufficient number of participants, the validity of these results is questionable.
Although all studies reported the same outcome, their methods differed. With AAA detection in the Western Australia study, individuals were referred back to their general practitioner for further evaluation and treatment. In the remaining studies, surveillance programmes were carried out and operated. The Viborg study only assessed mortalities from hospital records; this may have led to a large number of deaths from the community being overlooked. Furthermore, the degree to which these studies can be generalised to other countries is limited, as no one reported data on ethnicity, race or geographical location.
There were a number of limitations that applied in this review. Articles were limited to those that were free or available via an Athens account; this restricted the amount of available literature as many articles required a subscription. Further to this, only articles in English (including translations) were analysed and included. The retrieved articles were then subjected to limitations based on the author's judgement, thus incurring a form of selection bias. Conclusions regarding female subjects drawn from the review results could have been more valid and reliable, if the Chichester study had recruited a larger number of female participants, as well as having a representative number of females included in the other studies. If all studies used the same method for randomisation and recording mortality, then the results could have been more accurately compared.
Although discrepancies are present in both the study designs and limitations of this review, overall they have had a minute effect on AAA-mortality, as the MASS results accounted for a large weight of the pooled results. The benefit of population-based screening is becoming evident as there are an increasing number of studies with comparable methods that are researching AAA screening via ultrasound. Nevertheless, the rate of elective AAA repair will increase, which may cause mortalities in individuals who have aneurysms detected via screening that may possibly never rupture.
CONCLUSION
The use of the CASP tool to review the evidence indicates that population-based ultrasound screening has a significant effect in reducing AAA-related mortality in males aged 65Á74. The risk of mortality from treatment is lower than that of ruptured aneurysms but still presents as a significant factor. Due to the paucity of evidence in current available literature, no definitive conclusions can be drawn regarding population-based screening for AAA in women, so it is therefore suggested that future studies should be carried out to assess the benefits and relative risks for this population. Cost-effectiveness, quality of life and the harms of ultrasound screening have not been specifically addressed in this review due to limited data, but it is acknowledged that these factors need to be carefully considered and evaluated before any population-based screening programme is implemented.
